Research on two perennial Poaceae species -cocksfoot (Dactylis glomerata L.) and reed canary grass (Phalaris arundinacea L.) -was aimed to investigate the effect of liming and nitrogen fertilization on biomass productivity and to carry out energy analysis of the growing technology. The soil of the experimental site is acid moraine loam (pH 4.25-4.85) Eutri-Hypostagnic Albeluvisol (ABj-w-eu). The experiments were composed of three levels of liming (not limed, limed with 3.0 and 6.0 t ha -1 of CaCO 3 ) and three levels of nitrogen (N) fertilization (0, 60 and 120 kg ha -1 N). According to the results averaged over three years of investigations, the highest productivity was obtained in 2011, when the average cocksfoot dry mass yield amounted to 7215 kg ha -1 , and reed canary grass -to 10833 kg ha -1 (including 1 st and 2 nd cuts). The application of 6.0 t ha -1 CaCO 3 lime rate positively affected cocksfoot dry mass increment, although had no significant influence on reed canary grass dry mass yield. Nitrogen fertilization had the highest effect on the productivity of both grasses. Compared with the control treatment (0 kg ha -1 N), the application of 120 kg ha -1 N rate increased cocksfoot dry mass by 220% and reed canary grass by 243%. The energy evaluation of growing technology showed that the total energy input for grass cultivation (direct and indirect input, machinery energy consumption and human labour input) amounted to 8.91-26.02 GJ ha -1 , of which liming material and mineral fertilizers accounted for 2.45-19.39 GJ ha -1 . Cocksfoot accumulated 59-165 GJ ha -1 and reed canary grass 84-228 GJ ha -1 of biomass energy on average per season. As a result, the highest energy use efficiency (energy output/input ratio), which was positively influenced by 120 kg ha -1 N fertilization, was achieved when growing reed canary grass.
Introduction
The recent increases in the price of oil have reminded us of our strong reliance on fossil fuelsworld petroleum resources (Wrobel et al., 2009) . So far, renewable sources, in particular energy crops have made up relatively small share in energy production; however, their proportion has substantially increased during the last few decades. With increasing demand for bioenergy production, the greatest interest has been expressed in perennial plant species, which enable production of high biomass amounts, which, in turn, could be utilized for energy purposes (McKendry, 2002; Wrobel et al., 2009) . In other moderate climate European countries as well as in Lithuania, tall perennial grasses have been displaying beneficial attributes as energy crops and a growing interest since the last two decades of the 20 th century. The most promising are tall perennial grasses, whose feeding value is not high; however, their high biomass productivity can be maintained stable for 8-10 years.
The most promising regions for energy crops cultivation could be those with less suitable conditions for traditional agriculture. Western Lithuania's region has a wide range of soils, though naturally acid Albeluvisol (AB) and Fluvisol (FL) are prevalent. Liming is an effective means to control soil acidity (Mažvila, 2010) . However, the wide scale of liming was suspended over two decades ago, thus the soils are gradually returning to their initial acidity level. Compared with other terrains of the country, the acidification process is hastened due to higher amounts of precipitation, which accelerates the leaching of mineral nutrients (Mažvila, 2010) . Regarding this, the agricultural sector is often unprofitable. One of the alternative solutions is cultivation of energy crops and their subsequent conversion into biofuel. The use of biomass of perennial grasses would be a promising business in the near future. Today, the most promising are those grass species, which are not demanding in terms of growing conditions, are
The impact of lime and nitrogen fertilization on cocksfoot and reed canary grass productivity in Albeluvisol and energy evaluation of their cultivation technology resistant to wintering, drought, their biomass is well suited for solid biofuel and biogas production (Lewandowski et al., 2003; Šateikis, 2006; Tilvikienė et al., 2012) . Such species are cocksfoot and reed canary grass. Reed canary grass (Phalaris arundinacea L.) is one of the most promising bio-energy crops in European regions with temperate and boreal climate. However, its productivity is highly uneven and depends on many factors (Lewandowski et al., 2003; Heinsoo et al., 2011; Tilvikienė et al., 2012) . However, there is a lack of data on the response of reed canary grass to liming (or different soil pH). Pot and field experiments conducted in Canada and Estonia show that reed canary grass cultivated in highly acid (pH KCl 3.0-4.0) organic soil produces substantially lower biomass yield (Levesque, Mathur, 1983; Heinsoo et al., 2011) . Research done in different localities of Czech Republic suggests higher reed canary grass productivity in less acid soils; however, its productivity is also shown to depend on other soil and weather factors (Strašil, 2012) . Many Lithuanian and foreign authors note the positive impact of N on reed canary grass productivity. Altogether, nitrogen efficiency is uneven and depends on various agrometeorological factors (Kryževičienė, 2006; Saijonkari-Pahkala, 2001; Strašil, 2012; Tilvikienė et al., 2012) .
As energy crop, cocksfoot (Dactylis glomerata L.) has received less attention, although recently it has become a common forage grass. It has been reported that new cocksfoot lines are characterized by high biomass productivity (Tarakanovas, Chomiak, 2008; Tilvikienė et al., 2012) . The sparse experiments with liming reveal that when growing cocksfoot under severe acid soil conditions in pure sward as well as in mixture with other crops, its productivity is increasing when the lime is applied (Junquan et al., 2007; Poozesh et al., 2010) . The effects of different nitrogen rates on cocksfoot biomass and energy productivity are presented by Lithuanian and foreign authors (Mills et al., 2009; Tilvikienė et al., 2012) .
Since our investigations were carried out in the region with soils of different soil acidity, the trials encompassed different soil pH levels. There is a lack of data on how soil acidity (different soil pH levels) influences cocksfoot and reed canary grass productivity. So far, there has been no data concerning the interaction of liming and nitrogen fertilization and their effect on cocksfoot and reed canary grass productivity. Besides, we aimed to evaluate the grass growing technology from the energy point of view. The same grass growing technology and equipment could be applied for cultivation of grasses for forage as well as for energy purposes (Grass forage production, 2001). At the same time, the energy balance of respective technologies is highly uneven and depends on many factors, including fertilization rate, weather conditions and others Shahin et al., 2008) .
In these experiments, we attempted to evaluate the effect of soil liming and nitrogen fertilization on cocksfoot and reed canary grass dry mass yield (1 st and 2 nd cuts) under different conditions of experimental years on Western Lithuania's Albeluvisol and analyse their growing technology.
Materials and methods
The investigations with perennial energy grasses -cocksfoot and reed canary grass were carried out in Vėžaičiai Branch of the Lithuanian Research Centre for Agriculture and Forestry (55º43′ N, 21º27′ E) during 2009-2012. The soil of the experimental site is naturally acid moraine loam (Eutri-Hypostagnic Albeluvisol, ABjw-eu) with the following characteristics: pH KCl -4.25-4.85, mobile P 2 O 5 -35-120 mg kg -1 , mobile K 2 O -140-209 mg kg -1 , hydrolytic acidity -21.9-62.1 mequiv kg -1 , mobile Al -10.7-50.9 mg kg -1 . The field experiments were laid out in a two-factor design. Factor A -liming: not limed, limed by 3.0 and 6.0 t ha -1 CaCO 3 rates. Thus, the experimental site was divided into three strips differing in soil pH level. Factor B -nitrogen (N) application levels: 0, 60 and 120 kg ha -1 . All nitrogen treatments with three replications were randomly allocated in all three pH strips.
To establish the different soil pH levels, two strips of the experimental site were limed. Liming was performed (except for the first pH strip) using Opokos lime material in 2008, one year before trial establishment. Nitrogen at a rate of 60 kg ha -1 was spread in April just at the beginning of vegetation. An additional 60 kg ha -1 N rate (for the 3 rd treatment) was applied in July, just after the 1 st cut of grass. In the experiments, ammonium nitrate was applied as nitrogen fertilizer. Phosphorus and potassium fertilizers were spread each year prior to the beginning of vegetation. The rates of phosphorus and potassium fertilizers for all the experimental plots were the same 60 kg ha -1 P 2 O 5 and 60 kg ha -1 K 2 O. Phosphorus fertilization was applied as single superphosphate and potassium as potassium chloride. Prior to the establishment of trials in order to destroy annual and perennial weeds, the experimental site was sprayed with the herbicide Roundup (a.i. glyphosat 360 g l -1 ). At 2-3 leaf stage, to destroy dicotyledonous weed seedlings, grass swards were sprayed with the herbicide Betanal (a.i. phenmedipham 157 g l -1 ).
Both perennial grasses -cocksfoot (Dactylis glomerata L.) cv. 'Amba' and reed canary grass (Phalaris arundinacea L.) cv. 'Chieftain' were sown on 14 th July, 2009 at a rate of 15 kg ha -1 of viable seeds. The harvested area of each grass plot was 14 m 2 . The first cut was taken at full maturity stage on 28 th of June 2010, 28 th of June 2011 and 3 rd of July in 2012. The second cut (aftermath) was taken on 30 th of September 2010, on 24 th of September in 2011 and on 26 th of September in 2012. Energy equivalents express the input of energy associated with the manufacture of production means of primary energy input (Hulsbergen et al., 2001) . By calculating indirect energy input, the following energy equivalents (MJ kg -1 ) of mineral fertilizers were used for calculation: for ammonium nitrate -27.4, for single superphosphate -6.4, for potassium chloride -5.3, for lime material -1.79 (Hulsbergen et al., 2001) . Energy equivalents for herbicides was 288 (Green, 1987) and for grass seeds -7. The estimated calorific value for cocksfoot was 17.60 MJ kg -1 and reed canary grass -17.47 MJ kg -1 .
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Biomass calorific value was measured by IKA C 5000 control calorimeter equipment at Klaipėda University's Maritime Institute Laboratory. The accumulated energy (or energy output GJ ha -1 ) from 1 ha in grass swards was calculated by multiplying dry mass (DM) yield by calorific value. For the evaluation of growing and harvesting technology of the perennial grasses, the following energy inputs were included: a) direct energy input, b) indirect energy input, c) energy input of machinery and d) human labour input (Grass forage production, 2001; Jasinskas, 2003) . Diesel consumption was recalculated into MJ coefficient k = 42.7 MJ kg -1 (Grass forage production, 2001). Energy utilization efficiency (EUE) was calculated by equation: EUE = energy output/input ratio) (Shahin et al., 2008) .
A three-way analysis of variance was performed on the data of cultivation year, soil pH and nitrogen rate, and their mutual interactions using analysis of variance (ANOVA) to determine significance at 95% probability level (LSD 05 ) (Tarakanovas, Raudonius, 2003) .
In 2010, the sum of precipitation was 620 mm. There were two warm and dry periods -in the middle of July and middle of August. Humid and cool weather prevailed at the end of July and the period from late August to the end of vegetation. The sum of active temperatures was 2246ºC. In 2011, the distribution of precipitation was relatively uniform throughout the growing season (540 mm). The weather conditions for plant growth and development were more favourable than in the other experimental years. The sum of active temperatures totalled 2400ºC. In the first half of 2012 vegetation, moderately warm weather prevailed. During the intensive growing stage of grass, there was a lack of humidity in the upper soil surface. The amount of precipitation gradually increased in the second half of vegetation. The amount of precipitation totalled 394 mm, and the sum of active temperatures was 2182ºC.
Results and discussion
Cocksfoot. The averaged results of cocksfoot above-ground DM yield are presented in Figure 1 . According to the averaged data of the three experimental years, the most favourable conditions (water and temperature regimes) for DM accumulation were in 2011. The DM yield (of 1 st and 2 nd cuts) values were significantly higher compared with the other growing seasons. Thus in 2011, the average DM yield amounted to 7215 kg ha -1 . Yet in 2012, total DM productivity decreased sharply and amounted to 5165 kg ha -1 , on average (28.41% lower than in 2011). The low total productivity was caused by low DM amount in aftermath grass, especially in the treatments, which did not receive N fertilization for the third year in succession from the establishment of the experiment. The share of 1 st cut DM yield increased from 55.12% (in 2010) to 73.15% (in 2012).
The peculiarities of annual variation in dry mass increments agree with the results of other experiments done at Lithuanian Research Centre for Agriculture and Forestry which suggest that the DM yield of 1 st and 2 nd harvest seasons of different cocksfoot cultivars amounted to 7640-9450 kg ha -1 ; meanwhile DM yield sharply decreased (down to 37-50%) during 3 rd and 4 th harvest years (Tarakanovas, Chomiak, 2008) . Besides, the lack of moisture in June-July notably reduced the aftermath DM increment. The lesser lime rate (3.0 t ha -1 ) did not affect DM increase. However, the application of 6.0 t ha -1 rate positively influenced the average cocksfoot productivity of 1 st and 2 nd cuts (4449 and 2849 kg ha -1 , respectively) and thus the total annual DM productivityup to 7298 kg ha -1 . Compared with the control treatment, the N rate of 60 kg ha -1 increased DM yield by 40.18% (or by 2275 kg ha -1 ), on average. The highest 120 kg ha -1 N rate increased DM yield of 1 st cut from 2195 to 4558 kg ha -1 (or by 208%) and 2 nd cut from 1608 to 3800 kg ha -1 (by 236%). Overall, compared with N non-fertilized plots the total annual yield increased by 220% (up to 8358 kg ha -1 ).
Statistically significant interaction between nitrogen and liming application was noticed in several cases; yet, it cannot be identified as consistent. With reference to the data of other authors, soil liming is a positive factor for cocksfoot productivity. When soil acidity is very high (pH KCl 3.9), liming causes the increase of DM yield by 2370 kg ha -1 , on average (given the average cocksfoot DM productivity of 6290 kg ha -1 per year) (Poozesh et al., 2010) . Although cocksfoot is The impact of lime and nitrogen fertilization on cocksfoot and reed canary grass productivity in Albeluvisol and energy evaluation of their cultivation technology more tolerant of relative high levels of exchangeable aluminium (Al) than many other grass species, the application of 1500 kg ha -1 yr -1 of burnt lime in moderately and strongly acidic soils caused the increase of cocksfoot DM productivity by 2084 kg ha -1 , on average per three years (Junquan et al., 2007) . Reed canary grass. Figure 2 shows the average results of reed canary grass DM yield. The most productive was 2011, when reed canary grass sward accumulated up to 10833 kg ha -1 (7432 kg ha -1 of 1 st cut and 3401 kg ha -1 of 2 nd cut) DM. Contrarily, DM yield sharply decreased (both 1 st and 2 nd cuts) in the next 2012 season, and amounted to just 6505 kg ha -1 (or 39.95% less than in 2011). In the total DM yield, the share of 2 nd cut reed canary grass sward evidently decreased from 51.27% (in 2010) to 37.05% (in 2012). Like in the case of cocksfoot, reed canary grass productivity and its seasonal fluctuations depending on growing conditions are reported by other authors (Strašil, 2012) . The effect of liming was less obvious. In all experimental years, liming (3.0 t ha -1 CaCO 3 ) positively influenced DM productivity of 1 st cut. Compared with not limed plots, DM yield increased by 8.21%. However, no liming rate had significant influence on the 2 nd cut of grass as well as total annual DM yield. Moreover, the interaction of liming with N fertilization was statistically insufficient in all the cases. As it was mentioned before, the positive effect of liming on reed canary grass productivity was found under highly acid soil conditions (pH < 4.0), only. Our experiments were carried out in less acid soil and the results of the studies corroborate the statement that reed canary grass as a crop is tolerant to a wide soil pH range from 4.9 to 8.2 (Carlson et al., 1996) . Thus, liming is not an efficient means for improving reed canary grass productivity. Essentially, the sharp increase in DM productivity was determined by N fertilization. The highest effect was of 120 kg ha -1 application, which distinctly increased the yield of 1 st and 2 nd cuts as well as total DM yield to 12619 kg ha -1 (or 243% higher compared with 0 kg ha -1 N). All the differences were above 99% probability level. Nitrogen application evidently increased the share of grass of the 2 nd cut (aftermath) from 34.65% (0 kg ha -1 N) to 47.66% (120 kg ha -1 N). Several other experiments with reed canary grass conducted in Central Lithuania (under pH 5.5-7.0) revealed that by application of nitrogen fertilization twice per vegetation (60 + 60 kg ha -1 ) per two cuts and depending on growing year conditions, DM yield reached 6400-9300 kg ha -1 (Kryževičienė et al., 2008) . However, by performing grass sward harvesting only once per season, depending on the time of cutting and under varying agrometeorological conditions, the application of 120 kg ha -1 N rate caused the variation of reed canary grass DM yield from 5580 to 7490 kg ha -1 (Kryževičienė et al., 2005; Jasinskas et al., 2008) .
Estonian researches emphasize that depending on soil type, reed canary grass yield reaches 12700 kg ha -1 DM on different types of mineral soils and 7200 kg ha -1 on organic soils (Heinsoo et al., 2011) . Other authors suggest that autumn harvest of perennial grasses might be substituted by spring harvesting. A 23% loss of biomass over the winter period is compensated for by the reduction in moisture as well as potassium, chlorine, nitrogen and sulphur content. This, in turn, improves biomass energy parameters (Strašil, 2012) . The above presented data evidently reveals that the variations in both perennial grasses productivity, i.e. the effects of year, liming and N fertilization were similar.
Nevertheless, in all three experimental years, reed canary grass productivity was 7-45% higher than that of cocksfoot. It was noticed by other researches that beside N rate, the DM productivity of both grasses varied depending on grass cutting frequency as well as growth stage. Thus, the trials done in Central Lithuania revealed that growing the same cocksfoot and reed canary grass varieties ('Amba' and 'Chieftain', respectively) on an Endocalcari-Endohypogleyic Cambisol (CMg-p-w-can) (under pH 5.5-7.0), the average reed canary grass DM yield (with 90-180 kg ha -1 N application) varied from 8270 to 9410 kg ha -1 ; meanwhile cocksfoot DM yield was higher -1039-1147 kg ha -1 (Tilvikienė et al., 2012) .
The results of the experiment show that grass swards in the plots, which had been annually applied with N, were luxuriant after three years of vegetation. The grass swards in the plots, which received no N ISSN 1392-3196 Zemdirbyste-Agriculture Vol. 101, No. 4 (2014) 407 supply, began gradually thinning. Due to reduction of soil mineral nitrogen amount and the subsequent decreasing of competitive power of both investigated species (in particularly cocksfoot sward), the significant number of other grass forbs began predominating. These observations agree with the data of other researchers (Strašil, 2012) . Energy evaluation of growing technology. The direct energy expenses and their distribution are presented in Table 1 . When calculating direct expenses for growing, we included working operations used in the experiments. Autumn soil ploughing, soil cultivation, distribution of lime and mineral fertilizers (potassium and phosphorus), sowing and harrowing, plant protection against weeds were done during the sowing year in 2009. In 2010-2012, except distribution of nitrogen fertilizers, all other working operations were related to grass harvesting and transportation to storage, i.e. grass cutting, grass turning, grass raking into windrows, grass collecting and pressing, round bale loading and transportation to loading place (up to 5 km distance) and loading into storage place. Direct energy input totalled 3702 3822 MJ ha -1 . The highest proportion fell to grass harvesting expenses (6-12 operations), which comprised 2828 MJ ha -1 (or 74% to 76.4% of total direct inputs). * -without liming + P 60 K 6 0; ** -1) without liming + N 120 , 2) liming + P 60 K 60 (without N fertilization); *** -liming + N 120 P 60 K 60
The share of energy input of human labour makes up 20.53-22.32 MJ ha -1 . In the above-proposed technological version, each technological process is maximally mechanized with the minimal input of human labour . When evaluating cocksfoot and reed canary grass growing technology, indirect energy expenses were calculated as well (for plant protection, distribution of fertilizers, sowing and harrowing operations). Indirect inputs involve the share of energy bound in seeds, pesticides, lime material and mineral fertilizers. The same grass growing and harvesting technology is suitable for forage production as well as for biofuel purposes. In both cases, perennial grasses have to be cut, dried to 17-20% moisture content, pressed into round bales, transported into storage and kept until consumption or burning in special furnaces (Jasinskas, 2003) . Depending on liming and N fertilization level, the share of indirect inputs totalled 3.51-20.45 MJ ha -1 (Table  2) . Out of them, lime material and mineral fertilizers constituted the major portion of total energy expenses. Total energy input ranged from 8.91 to 26.02 GJ ha -1 . The application of only phosphorus and potassium fertilizers (in control treatment) constituted 2.45 GJ ha -1 (33.98%) of total energy inputs (direct and indirect). However, the application of the highest lime and N rates increased the share of lime and fertilizers up to 19.39 GJ ha -1 (79.89%) of total energy inputs. The large energy share of mineral fertilizers is explainable by the fact that the manufacturing of synthetic fertilizers also requires large energy consumption. However, according to Hulsbergen et al. (2001) survey, the energy requirements to produce mineral fertilizers (particularly nitrogen) are gradually declining.
Application of 120 kg ha -1 N rate obviously increased the amount of accumulated energy in cocksfoot biomass from 51.3 to 165 GJ ha -1 (by 322%), and reed canary grass from 84.33 to 228 GJ ha -1 (by 270%). Due to higher biomass productivity, reed canary grass accumulated substantially higher energy amount compared with cocksfoot grass. In contrast, lime fertilizers marginally influenced the energy accumulation in both crops' biomass. Energy use efficiency (EUE) of reed canary grass ranged from 6.32 to 12.80 and in all cases was higher than that of cocksfoot (4. 71-8.22 ). Commonly, the application of lime material caused the decrease in EUE values. The opposite was the effect of 120 kg ha -1 N rate.
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These results agree with those of similar investigations. Our results confirm the results of other investigations that reed canary grass is advantageous for low establishing inputs, minimal requirements for pesticides and other direct inputs (Strašil, 2012) . Estonian researches have noted that by increasing reed canary grass growing energy expenses from 6 to 31 GJ ha -1 , EUE is drastically declining from 9 GJ ha -1 to 2 GJ ha -1 (Kukk et al., 2011) . A positive energy balance (or efficiency) is achievable due to photosynthetic activity, which enables different crops to accumulate large amounts of energy in biomass, which are several times higher than energy expenses involved in cultivation technology. All the agrotechnological means used (crops, fertilizers, chemical, soil management) can be identified as supportive means to accumulate greater amount of energy in plants biomass (Agroenergetics and yield, 1990) .
As has been mentioned before, the trials with both grasses were performed in the experimental site, which has a low soil acidity level (pH 4.25-4.85) and is characterized as unfavourable due to low profitability for many traditional agricultural crops. The data of our experiments are in line with those of other authors and suggest that both perennial grasses could be successfully grown under different types of agroclimatic conditions. It would be an adequate opportunity particularly for the farmers in the regions, which are classified as less favoured areas for agriculture. Growing of perennial grasses improves soil physical, chemical and biological features as well as the amount of organic matter (Strašil, 2012) . Moreover, liming as an agrotechnical means could improve the above mentioned soil properties, though these aspects were not addressed in the article. However, although liming had a positive impact on biomass productivity in some cases, its application is inexpedient from energy point of view. Thus, although both grass species could be successfully cultivated as energy crops in Albeluvisol under different soil pH levels, from the energy point of view, reed canary grass is superior to cocksfoot. In order to ascertain grass sward longevity, biomass parameters as well as availability for different biofuel types, the investigations with cocksfoot and reed canary grass swards are being continued.
Conclusions
Averaged data of three experimental seasons 1. indicated that the highest annual cocksfoot dry mass (DM) yield (7215 kg ha -1 ), including 1 st and 2 nd cuts, was recorded in 2011. A significant cocksfoot sward DM yield increase was obtained by application of 6.0 t ha -1 lime material and 120 kg ha -1 N rate.
The most productive reed canary grass sward 2. was also obtained in 2011, when the average annual DM yield totalled 10833 kg ha -1 . The influence of liming was insignificant, although the application of 120 kg ha -1 N rate caused a significant increase of reed canary grass DM yield.
The total energy consumption (direct and 3. indirect inputs, machinery consumption and human labour input) for grass cultivation technology totalled 8.54-29.25 GJ ha -1 of which lime and mineral fertilizers accounted for a considerable share.
The annual amount of total energy 4. accumulated in cocksfoot biomass constituted 59-165 GJ ha -1 and in reed canary grass 84-228 GJ ha -1 , on average. The 120 kg ha -1 N rate had a positive effect on energy use efficiency (energy output/input ratio). 
